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[37] 



ABSTRACT 



A television inspection system for detecting flaws on a 
cable and the like, without contact, utilizes means for 
obliquely, evenly illuminating the object; a backing 
member having the same average reflectivity as the 
object and video sensor-signal processing means for 
detecting changes in the reflected {Humiliation to sense 
flaws upon the object's surface. 

10 Claims, 7 Drawing Figures 
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FIGS. 3a-3d axe a set of coordinated graphs illustrat- 
TELEVISION INSPECTION SYSTEM ing the operation of the signal processing subsystem of 

BACKGROUND OF THE INVENTION FI °' 3 ' 

The present invention relates to Haw detection, and 5 . DETAILED^CRIPTION OF THE 

more particularly, to a novel surface flaw detection 

system utilizing video sensing and processing apparatus. Referring initially to FIG. 1, television flaw detection 

The manufacture of many objects requires detection system 10 is utilized to test an object 11, such as a high 

of flaws on the object's surface, particularly by appara- voltage electric cable formed with a core 12 of stranded 

tus which does not contact the object to be tested, to 10 wire positioned within a cylindrical inner conductor 13 

prevent damage to the object Illustratively, in the con* and encased in an annular layer 14 of insulating mate- 

struction of a high voltage cable, successive layers of rial. The possibility exists that flaws 154 156 will be 

extruded plastic insulation are fabricated over a conduc- formed as indentations , s crape s, pits a nd the like upon 

'-tive core; it is necessary to detect voids and otber'sur- the exterior surface 14a of the insulation . It is desired to 

face flaws, such ^.in dentations, scrape s, pits and the 15 detect flaws 15 on the object surface before the flaws, 

like, on the insulation layer surface7toprevent possible moving in the direction of arrow A, are subsequently 

corona effects and breakdown failure of the cable be- hidden beneath an outer covering 16, such as a conduc* 

tween the conductive core and an exterior-wound con- tive tape and the like. Flaw detection allows correction 

ductive jacket Traditionally, inspection of the surface before a decrease in the effective insulation between the 

of the cable insulation was performed, prior to exterior 20 conductive inner cylinder 13 and the conductive outer 

conductive layer fabrication, by visual or tactile inspcc- covering 16 is facilitated, preventing subsequent pro- 

tion. Detection of minute flaws is highly improbable, duction of corona and insulation breakdown failures 

especially if the object is moving at any appreciable when the high voltage cable is utilized in its intended 

velocity past the observer. An automatic system for, environment 

detecting surface flaws, with high probability of gener- 25 Object 11 is placed in front of a backing member 18 

ating an alarm for flaws exceeding a preselected set of having the same average reflectivity as the surface 14a 

characteristics, is highly desirable. of the cable, e.g. if the cable insulation is of a dull black 

RRTFF SirMMARY OF THE INVENTION COl ° r haVmg aVCrage reflectivit y R ' then the backing 

BRIEF SUMMARY OF THE INVENTION member surface 18a facing object 11 must also be of the 

In accordance with the invention, a system for de- 30 same dull black color and have the same average reflec- 

tecting surface flaws by video sensing and processing, tivity R. 

utilizes a television camera receiving light from a por- A video sensor mean s, such as televisio n camera 20 

tion of the surface of an object to be analyzed. The and theiik e. is placed THj^^pnt tn rhp moving object 11 

object is backed by a backing member having the same and on the opposite side of the object from the backing 

average reflectivity as the object surface. The object 35 memb er. The sensor means is aligned with' the cVntraT 

and the backing member are illuminated, in one pre- axETTTof its field of view centered upon the object, 

ferred embodiment, both by a diffuse light source emit- Typically, such alignment allows a 90* section of the 

ting from a direction close to the viewing axis of the circumference of the exterior surface of the object to be 

video sensor, and by several sources of illumination viewed by a single camera; a set of four cameras (above, 

arranged oblique to the surface of the object, i.e,, at an 40 below, to the left of and to the right of the object) may 

angle to the lens axis of the video sensor, to reflect light be se quentially ppsih pne cL to^je3»Llhe i j^ Ure exterior 

from the edges of flaws for varying the video signal s ulface'of iuiV' object as it moves in the llirectidn^of 

obtained as the object moves past the illumination SST, Ai J** 0 ^ 0 ex fe cinr ^ ^^^^T ^^ 011 : 

means and the video sensor. Video processing means "" Video"sensor means 20 is connected via a cable 22 to 

having an adjustable threshold and alarm means are 45 a video display means 23, such as a TV monitor and the 

utilized to detect light reflections of a magnitude corre- like, including a suitable video signal processing subsys- 

sponding to flaws exceeding a predetermined set of tern, as hereinafter more fully described, and an alarm 

limits. means 24 for indicating that the processed video signal 

Accordingly, it television an object of the present contains signal components attributable to a flaw 15 

invention to provide a televison system for detecting 50 having parameters exceeding a predetermined set of 

flaws upon the surface of an object moving past an flaw video characteristics. 

optical axis of a video sensor. The area on surface 14a viewable about sensor cen- 

This and other objects of the present invention will tral axis 21 is preferably illuminated by a diffuse illumi- 

become apparent upon consideration of the following nation means' 28 comprising a light source 29, posi- 

detailed description and the corresponding drawings. 55 tioned substantially perpendicular to the object surface 

n«IFF r>F9PR TPTTON OF THE DRAWINGS bUt SlJghtly rem0Ved from ™* 2l * °Pt"*l 

BRIEF DESCRIPTION OF THE DRAWINGS - mg means 30 posit i on ed between light source 29 and 

FIG. 1 is a perspective view of one preferred embodi- surface 14a and also removed from field of view axis 21 

ment of a television inspection system for flaw detection to prevent blockage thereof. (Diffuse iU limitation source 

in accordance with the principles of the present inven- 60 28 provides a substantially uniform illumination of the 

tion; entire object surface 14a within the field of view of the 

FIG. 2 is a partially-schematic perspective view of TV sensor 20 to facilitate a Uniform response with 

another preferred embodiment of TV flaw inspection minor variations in the texture of surface 14a 
systems, illustrating one possible signal processing sub- A plurality of relatively intense illumination means 

system for use therewith; 65 Zla~3ld and 32a-32o* are respectively arranged on ei- 

FIG. 3 is a schematic block diagram of one preferred ther side of optical path 21 with respect to the direction 

embodiment of signal processing means for use in a TV A of motion of the object to provide oblique illumina- 

flaw detection system; and tion to facilitate specular reflection from the sides of 
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grooves, pits, holes and perturbances classifiable as object surface, with additional switch, means 55 seleo 

flaws. Each oblique illumination source means com- tively coupling signal processing subsection signals to 

prises a light source 33 and a suitable reflector means 34 additional channel (Cfi 2, CH. 3 and/or CH. 4) inputs 

for directing substantially all of the luminous output of to the display means, either simultaneously, sequentially 

each light source 33 toward cable surface 14c. Thus, in 3 or in any previously selected manner. It should be un- 

the illustrative embodiment, a first bank of oblique il- derstood that the number of video sensors is dependent 

lumination means $\a-3\d are arranged between the ' upon the surface area and shape of the object to be 

object and one side of a plane formed through optical evaluated, with the illustrative four channel system 

axis 21 perpendicular to the direction of travel of the being advantageously adapted for viewing of the four 
object, and a second bank of oblique illumination means 10 90* circumferential segments of a cylindrical object" 
32j-32o" (means 326 not shown for purposes of simplic? Referring now to FIGS. 3 and 3a-3<£ one preferred 

ity) are arranged upon the opposite side of the plane. All embodiment of signal processor means 52 comprises a 

of oblique illumination sources 31o-31o* and 32a-32d are cable edge detector means 60 having a first input 60a 

arranged to direct their luminous outputs substantially receiving the video signal from sensor output line 22; a 

upon that area on surface 14a within the field of view of IS baseline compensation means 61 having a first input 61a 

video sensor 20. coupled to the output 60a of the cable edge detector; a 

Referring now to FIG. 2, wherein like reference difference signal means 62 having a first, non-inverting 

designations are utilized for like elements, in another (+) input 62a receiving the video signal from sensor 

preferred embodiment, the oblique illumination means output 22 and a second, inverting (— ) input 62b coupled 

comprises a front member 40 positioned between the 20 to the output 61b of the base line compensation means, 

object 11 to be analyzed and a plurality of light sources The output 62c of the difference signal means is suitably 

31' and 32' arranged to reflect their luminous output filtered and conditioned in a signal filtering and condi- 

from the surface of front member 40 closest to object 11 tioning means 63 to form the flaw signal coupled to 

onto that portion of the object surface 14a within the adjustable threshold means 53 and to switch means 55 

field of view of the sensor. Front member 40 has an 25 via line 57. 

aperture 41 formed therethrough centered on optical In operation, the video signal (FIG. 3a, wherein the 

axis 21 to facilitate reception of reflected light by sensor increasing video amplitude corresponds to increasing 

20 from the illuminated portion of object 11. Thus, the magnitudes of light reflected from the object surface, 

surface of front member 40 closest to object 11 typically plotted with respect to time) has a somewhat symmetri- 

has a white diffuse surface and oblique illumination 30 cal curvature, due .to scattering of illumination away 

means 31' and 32' are typically positioned above or from optical axis 21 at the extremes of curvature of the 

below the object with their luminous output being di- viewable surface. If a flaw is present, the video signal 

rected against the diffuse surface of member 40 in such includes a video portion 71 having an , amplitude H 

manner as to be reflected, as along optical paths 42 and attributable to. the lesser or greater reflection of light 

43, to illuminate a portion of surface 14a viewable by 35 from that flaw. Cable edge detector means 60 detects 

sensor 20. the leading edge of the video signal, at time to to ener- 

The reflected light components received by sensor gize the output 606 thereof, to form an output signal 72 

means 20 are converted into a video signal containing (FIG. 3b) maintained in its energized state until the 

flow components and is available at sensor output 22 for cable edge detector means senses the end of a line scan 

subsequent processing. In one preferred embodiment, 40 across the optical field, at time ti, causing the edge 

an analog-to-digital (A/D) converter means 50 receives detector output 60b to be de-energized. Thus, the sinu- 

the sensor output video signal for conversion to a soidal baseline curvature, due to the roundness of the 

stream of digital flaw data for subsequent digital pro- cable in combination with the use of planar field optics 

cessing by external means (not shown). The sensor in a lens 20a (FIG. 2) associated with the sensor, is 

video output signal is also made available to an analog 45 converted into a rectangular "box car*' waveform 72, 

video signal processing subsystem 51 comprising a sig- having a time duration equal to the time duration of a 

nal processor means 52 for extracting those portions of video portion of each sensor scan line. The rectangular 

the video s ignal produced responsive to surface flaws. waveform is converted within baseline compensation 

and for redjcm g or removing vugo ^ ^ lgn^r^r^oipS^ means 61 into a curved waveform 73 (FIG. 3c) having 

indicative of ac^^bleTgCjTma T^ace^characteriatics ; 50 curvature similar to that expected of video signal 70 for 

jfiTadj u^r3le*tKeshoId means ^(or detejgtin g^ptp- an acceptable "unflawed" surface and of equal time 

cessed"sjlnal gcnerated^bTTa^^ duration (ti - to). The non-processed video input (from 

lectedTuxiifo ^^ sensor output 22) is coupled to the non-inverting input 

put signal tor inRgenng of alarm mean s_24. Advanta- 62a of difference-signal formation means 62, while the 

gebmly^m'ulti-^ utilized to 55 compensation signal 73, having the expected curvature 

couple the CRT display means 23 to one of the available is coupled to the inverting input 62b of means 62 for 

signals, including the sensor video output signal, on line subtraction from the sensor video signal Thus, the nor- 

56; the processed video signal, on line 57; the output of mal-curved video signal portion 70 is removed, by sub- 

the adjustable threshold means, on line 58; or a signal traction of the compensation signal 73, at the output 63c 

indicative of actuation of the alarm means, on line 59. 60 of different signal means and a difference signal 74 

As shown in FIG. 2, the signal processing subsection 51 (FIG. 3a) thereby formed essentially comprises only the 

is illustrated as being associated with a first channel video signal portion 74 attributable to light reflection 

(CH. 1) which, as previously mentioned, is utilized for from a surface flaw, e.g. 15a. The difference output 

flaw detection over only a portion of the circumference amplitude voltage peak v.* is related to the magnitude 

of object surface 14a; as hereinabove mentioned, addi- 65 H of the flaw video signal. 

tional video sensor means 20, each with an associated I have found that the recovered flaw signal 74, from 

video signal processing subsystem 51, may be utilized to at least one particular type of object (a cable) to be 

complete the inspection of the remaining portions of the analyzed, contains a characteristic high frequency pulse 
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front and often contains a group of pulses, Thus, for use 2. A television inspection system as set forth in claim 

with this particular type of cable, signal filtering and 1> wherein said first illumination means comprises a 

conditioning means 63 advantageously includes high- plurality of light sources arranged to directly obliquely 

pass frequency filtering means and/or signal different- illuminate a portion of said object surface closest to said 

atmg means to accentuate the flaw signal. 5 video sensor means. 

A clock signal, on a clock line 75 (FIG. 3), may be 3 * A television inspection system as set forth in claim 

coupled to additional inputs of the cable detector means wherein said first illumination means comprises a 

and the signal filtering and conditioning means to aid in ^ positioned between said object and said 

video signal processing. In particular, blurring of the m "dec sensor means said [front member having an aper- 

image displayed on means 23 often occurs due to the 10 ^ *Tl t ^ crcthro .^ u t P ^tate passage of re- 

movement of the flaw during the time for a single hori- flected ^ fl from ?* ject to ~ 

* i *-*u T-\r ^1; tu;,. w„. «,k,*«- means; and at least one light source positioned to reflect 

»Mrta] scan of the TV sensor This b , * substan ^ thaSffrom a Surface of said front 

ttally eliminated through strobing of the Ughting means member cIosest £ ^ object mA onto said object sur- 

dunng the camera frame retrace interval, with the 15 ^ce 

strobe clock being utilized within the video processing 4 / A tclevision isapctidm systcm ^ ^ forth m daim 
subsystem 52 to reset detectors, reestablish initial filter- 3f whcrein ^ front mcmbcr surfacc c i oscst to said 
ing and conditioning conditions and the like, pnor to ^ a white diffuse finish, 
each lighting pulse. The blurring may also be essentially 5 A television inspection system as set forth in claim 
alleviated through the use of line scanning, utilizing the 2 o 1, wherein said video signal monitoring means com- 
motion of the moving cable to provide the horizontal prises a signal processor means for at least reducing 
scan of the displayed image, whereby the horizontal those portions of said video signal generated by normal 
synchronization generator may provide the clock pulses surface characteristics to extract a flaw portion of said 
on line 75 to perform a resetting function, a triggering video signal produced responsive to surface flaws; ad- 
function, or a triggering function with fixed or variable 25 jus table threshold means for detecting the presence of a 
timing to niinimize the blurring of the observable image. flaw portion exceeding one of said preselected set of 
It should be understood that both the strobe and scan flaw characteristics; and means triggered by said thresh- 
techniques can be utilized to minimize the blurring of old means for causing an alarm whenever an undesired 
discrete objects to be inspected, when a sequence of the flaw is sensed. 

discrete objects are moving past the video sensor. 30 6* A television inspection system as set forth in claim 
While the present invention has been described with 5, wherein said signal processing means comprises ob- 
reference to several preferred embodiments thereof, ject detector means recdvmg said video signal for form- 
many variations and modificatons will now become ing an output waveform during a time interval in which 
apparent to those skilled in the art. It is my intent, there- si S^ from said object is present; a baseline 
fore, to be limited not by the present disclosure herein, 35 compensation means for converting the output wave- 
but only by the scope of the appending claims. £ orm fron ? °^ ect ^ t0 ' m *^ u * T^™! 
What is claimed is- having a shape and amplitude substantially equal to that 
1. A television inspection system for detecting flaws of * ^ obtainable from an acceptable object 
« . * « . , , . * , . surface: and a difference signal formation means for 
upon a surface of an object, said object surface having a Mn ^ • " f r v 
. *^ , j i ° 40 subtracting the waveform of said baseline compensation 
known color and a known average reflectivity, com- ^ ^ gignaL ^ 

prising: r , 7. A television inspection system as set forth in claim 

a backing member positioned to one side of said ob- 6 wherein ^ signa] processor means further mc i ude s 

ject and having a surface of substantially the same means fof mtehn md 0^*^ ±e output of ^ 

color and average reflectivity as said object; 45 dif f erence ^gnat f ornia tion means, 

first iUurnination means for directing light at least 9 A tei evision inspection system as set forth in claim 

obliquely upon said object surface; 1$ wne rein said object is caused to move during said 

video sensor means situated upon an opposite side of inspection; and said first fflumination means is strobed to 

said object from said backing member for convert- remove components of said video signal caused by mo- 

ing light reflected from said object surface to a 50 tion of said object. 

video signal; 9. A television inspection system as set forth in claim 

second iUurnination means for diffusing light substan- i, further comprising means for converting said video 

dally perpendicular upon the portion of said object signal to a visible display. 

surface viewable by said video sensor means; and 10. A television inspection system as set forth in claim 

means for monitoring the video signal to cause an 55 9, wherein the motion of said object through the field of 

alarm to be activated in the event that a parameter view of said video sensor means is utilized to generate a 

of the video signal exceeds one of a preselected set line scan upon said display means, 

of flaw characteristics. * * * * ♦ 
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